This study described surgical treatment patterns for proximal humerus fractures among elderly patients, focusing on reverse total shoulder arthroplasty (TSA), and evaluated how the type of fixation affects inpatient factors (cost, length of stay), transfusion rates, and patient disposition (home vs skilled nursing facility). With Nationwide Inpatient Sample data from 2011 to 2013, the authors identified patients 65 years and older who had proximal humerus fractures and divided them into 3 groups: (1) open reduction and internal fixation (ORIF); (2) hemiarthroplasty; and (3) reverse TSA. From 2011 to 2013, 38,729 surgically treated proximal humerus fractures were identified. The rate of reverse TSA increased 1.8-fold during this time, from 13% of operative cases in 2011 to 24% of operative cases in 2013 (P<.001). At the same time, the rates of hemiarthroplasty and ORIF decreased (hemiarthroplasty, from 28% to 21%; ORIF, from 59% to 55%). Although reverse TSA accounted for 32.2% of arthroplasty procedures for proximal humerus fractures in 2011, this value was 53.3% in 2013 (P<.001). In 2013, mean total hospital cost for reverse TSA was $24,154, which was significantly higher than that for ORIF ($16,269) or hemiarthroplasty ($19,175) (P<.001). In a multivariable model, patients undergoing reverse TSA were less likely than those undergoing hemiarthroplasty to be discharged to a skilled nursing facility (odds ratio, 0.75; P=.027). The national rate of reverse TSA nearly doubled from 2011 to 2013. As of 2013, reverse TSA replaced hemiarthroplasty as the most commonly performed arthroplasty procedure for proximal humerus fractures for patients 65 years and older. Patients undergoing reverse TSA were more likely than those undergoing hemiarthroplasty to be discharged home. [Orthopedics. 201x; xx(x):xx-xx.]
These complications are especially problematic in elderly patients because osteoporotic bone is particularly prone to fixation failure after osteosynthesis. 8, 12 Hemiarthroplasty was introduced as a viable treatment alternative for displaced 3-or 4-part proximal humerus fractures and has had lower complication rates. 8 Nevertheless, good functional outcomes after hemiarthroplasty depend on adequate tuberosity stability and fixation, and the most common early complication is tuberosity failure. 1, 13, 14 In recent years, reverse TSA emerged as a possible alternative for proximal humerus fractures. 13 In 2004, reverse TSA was approved in the United States, and it has emerged as a promising procedure for those with poor rotator cuff function because it relies on the deltoid muscle for active shoulder motion and less on rotator cuff function and tuberosity position. 13 A recent Cochrane review comparing these 3 surgical options identified no significant differences. 7 Since the introduction of the International Classification of Diseases, 9th Revision (ICD-9), code for reverse TSA in October 2010, only 1 study has reported national data on reverse TSA for fractures, but this study was limited to data from 2011 without a temporal evaluation of the use of reverse TSA. 13 The current study reports national surgical treatment patterns for proximal humerus fractures in elderly patients from 2011 through 2013, with particular attention to the role of reverse TSA. Additionally, the authors analyzed patient and hospital characteristics as well as transfusion and skilled nursing facility discharge rates for patients undergoing ORIF, hemiarthroplasty, and reverse TSA. The authors hypothesized that the rate of reverse TSA for proximal humerus fractures has increased and that patients who undergo reverse TSA are less likely than those who undergo hemiarthroplasty to be discharged to a skilled nursing facility.
Materials and Methods

Data Set
The authors used the Nationwide Inpatient Sample (NIS) 15 from 2011 to 2013 to perform an epidemiologic study of the surgical patterns for proximal humerus fractures among patients 65 years and older. The NIS is a national hospital administrative database that contains data from more than 44 states, representing more than 95% of the US population. In 2012, the NIS was redesigned to create more accurate national estimates.
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Statistical Analysis
Statistical analyses were performed with the survey sampling and analysis procedures (SURVEYFREQ, SURVEYMEANS, SURVEYLOGISTIC, SURVEYREG) of SAS version 9.4 software (SAS Institute, Cary, North Carolina). These analyses were performed to obtain appropriate point estimates, standard errors, confidence intervals, and P values. The survey sampling and analysis procedures consider clustering and incorporate NIS-provided weights to create national estimates.
Results for numeric variables (SUR-VEYMEANS) were summarized by mean and median. Results for categorical variables (SURVEYFREQ) were summarized by frequency and percent. Group differences on numeric variables were assessed for statistical significance with the SUR-VEYREG procedure. Group differences on categorical variables were assessed for statistical significance with the SURVEY-FREQ procedure (specifically, the RaoScott chi-square test).
Complications (transfusion or discharge to a skilled nursing facility) associated with surgery type (hemiarthroplasty vs ORIF, reverse TSA vs ORIF, reverse TSA vs hemiarthroplasty) were assessed with multivariable logistic regression models with SURVEYLOGISTIC, adjusting for age (≥80 years vs <80 years), sex, and smoking status, and their 2-way interactions, and all medical comorbidi-ties (Elixhauser comorbidities). The Elixhauser comorbidities were as follows: peripheral vascular disease, paralysis, other neurologic disorders, chronic pulmonary disease, diabetes mellitus, diabetes mellitus with chronic complications, hypothyroidism, renal failure, liver disease, peptic ulcer disease, acquired immune deficiency syndrome, lymphoma, metastatic cancer, solid tumor without metastasis, rheumatoid arthritis, coagulopathy, weight loss, fluid and electrolyte disorders, chronic blood loss anemia, iron deficiency anemia, alcohol abuse, drug abuse, psychoses, and hypertension. The following complications were modeled: (1) transfusion and (2) discharge to a skilled nursing facility or other subacute facility. For each complication, the main factor of interest was the type of surgery (hemiarthroplasty vs ORIF, reverse TSA vs ORIF, reverse TSA vs hemiarthroplasty). Adjusted odds ratio (OR) and 95% confidence interval (CI) values were reported. Significance was set at .05 throughout.
This study was deemed exempt by the institutional review board because it is not considered human subjects research.
results
Nationwide Trends From 2011 to 2013
Of the 95,110 inpatient proximal humerus fractures identified from 2011 to 2013, a total of 38,729 (40.7%) were treated surgically ( Table 1) . The overall operative rate for inpatient proximal humerus fractures rose steadily from 39.4% in 2011 to 43.3% in 2013 (P<.001). The rate of reverse TSA procedures increased significantly from 13.2% of cases of operative proximal humerus fractures in 2011 to 23.9% in 2013 (P<.001) ( Figure  1) . During the same period, the rate of hemiarthroplasty procedures decreased from 27.8% to 20.8% (P<.001), and the rate of ORIF procedures decreased from 59% to 55.3% (P=.009). When reverse TSA was considered as a percentage of arthroplasty procedures performed for proximal humerus fractures, the rate of reverse TSA procedures increased from 32.2% of procedures in 2011 to 53.3% of procedures in 2013, and the rate of hemiarthroplasty procedures decreased from 62.1% of procedures in 2011 to 46.6% of procedures in 2013 (P<.001) (Figure 2) . In 2013, for the first time, reverse TSA was more common than hemiarthroplasty for acute proximal humerus fractures in the United States.
Patient and Hospital Characteristics in 2013
Patient characteristics for operative proximal humerus fractures in 2013 are shown in Table 1, Table 2 , and Table 3 . Most patients who had operative proximal humerus fractures were women. The rate of reverse TSA was higher among women (24.7% in women vs 20.2% in men; P=.045) (Figure 3) . In 2013, median patient age for reverse TSA was 76.9 years, which was higher than the median age of 75.2 years for ORIF (P=.0014). The use rate of reverse TSA for patients 80 years and older was significantly higher (25.9%) than the rate for patients 65 to 79 years old (22.6%) (P<.047) ( Table 3) . Mean length of stay was not significantly different among the 3 surgical groups in 2013 (approximately 4 days).
In 2013, total hospital costs associated with reverse TSA were $7885 higher than those for ORIF (P<.001) and $4979 higher than those for hemiarthroplasty (P<.001) (Figure 4) . This relationship was similar for total hospital charges. Charges for patient discharge after reverse TSA were $16,173 higher than those for hemiarthroplasty (P<.001) and $24,365 higher than those for ORIF (P<.001) (Figure 5) . At teaching hospitals, 56.2% of patients underwent ORIF, 20.8% underwent hemiarthroplasty, and 23.0% underwent reverse TSA. The rate of reverse TSA was slightly higher at nonteaching hospitals (24.6% vs 23.0%), but this difference was not statistically significant (P=.431). Most reverse TSA procedures were performed at large hospitals. The rate of reverse TSA, however, was not significantly different between small and large hospitals (P=.380). Regarding hospital location by US census regions for 2013 (Northeast, Midwest, South, West), the current analysis showed different surgical patterns across regions (P=.011). Overall, the South had the highest volume of surgical procedures, which is consistent with previous studies with NIS data. 18 The Midwest had the highest rate of reverse TSA procedures (27.8%), which was significantly higher than the rates of 21.1% in the Northeast (P=.026) and 19.5% in the West (P=.007) (Figure 6 ).
Multivariable Analysis
Rates of blood transfusion and discharge to a skilled nursing facility after ORIF, hemiarthroplasty, and reverse TSA are shown in Table 4 . Table 5 shows the multivariable analysis used to compare the odds of (1) transfusion and (2) patient disposition (skilled nursing facility vs home) after adjustment for age, sex, and significant comorbidities. The current analysis found that patients who had hemiarthroplasty were more likely to receive a transfusion vs those who had ORIF (OR, 1.28; 95% CI, 0.99-1.66; P=.057). No significantly different odds of transfusion were identified between patients undergoing reverse TSA and those undergoing either ORIF (P=.190) or hemiarthroplasty (P=.601). Patients undergoing reverse TSA were significantly less likely to be discharged to a skilled nursing facility compared with those undergoing hemiarthroplasty (OR, 0.75; 95% CI, 0.57-0.97; P=.027). Additionally, patients undergoing hemiarthroplasty were more likely to be discharged to a skilled nursing facility compared with those undergoing ORIF (OR, 1.28; 95% CI, 1.03-1.59; P=.028).
discussion
This study identified a large shift in the surgical management of proximal humerus fractures among elderly patients. The overall inpatient operative rate for proximal humerus fractures in elderly patients increased from 39.4% in 2011 to 43.4% 2013, suggesting that surgery is being performed more often nationally. The national rate of reverse TSA has nearly doubled as a treatment option for proximal humerus fractures in elderly patients. Reverse TSA replaced hemiarthroplasty as the most commonly performed type of arthroplasty for proximal humerus fractures in 2013, representing 53% of arthroplasty procedures that year. This is a significant change and is vastly different from the findings of a recent study reporting reverse TSA (for all patient ages) for only 25% of arthroplasty procedures for fractures in 2011. 13 The increased rate of reverse TSA for proximal humerus fractures may be attributed to several factors. Multiple studies showed that reverse TSA is associated with higher functional improvement scores compared with hemiarthroplasty, most notably with forward flexion. 1, 13, 14, [19] [20] [21] [22] Additionally, the high complication and revision rates associated with ORIF for elderly patients led to the need for better surgical alternatives. Although hemiarthroplasty obviates some concerns about fixation in osteoporotic bone, tuberosity healing can be unpredictable and is a critical factor for good functional outcome. Moreover, reverse TSA as a salvage procedure after unsuccessful ORIF has a significantly higher overall complication rate, making reverse TSA more desirable as a primary procedure. 23 Despite the trend toward increasing use of reverse TSA, there is still concern about long-term outcomes because this procedure was approved by the US FDA fairly recently, in 2004. Risks of reverse TSA include hematoma formation, scapular notching, loosening of the glenoid component, instability, and component dissociation. 24 These complications have led to concerns about implant longevity and long-term functional results. A study of reverse TSA for proximal humerus fractures among elderly patients with a mean 6.6-year follow-up reported radiologic evidence of loosening of the glenoid component among 63% of patients. 25 This was followed by reflex sympathetic dystrophy among 5.5% of patients. Other complications included include scapular notching, glenoid loosening, and component instability. Overall complication rates have broadly ranged from 5% to 40%. 20, 21, 26 Revision rates for reverse TSA for proxi- mal humerus fractures are reported as 1% to 15%. 20, 21, 26, 27 Ideally, the increasing use of reverse TSA for proximal humerus fractures will facilitate larger longitudinal studies to address these concerns.
Although hospital costs did not increase over the 3-year study period, the authors identified increases in hospital charges for all 3 procedures. These findings are in line with charges reported for other orthopedic national data set studies. [28] [29] [30] Hospital charges may have increased to compensate for decreased reimbursement rates from private insurance companies as well as Medicare and Medicaid. It is possible that the push for greater cost transparency in health care will counter these charge increases on multiple levels. 31 In 2013, mean cost and charges for reverse TSA were significantly higher than those for both ORIF and hemiarthroplasty. Although the current study was limited by the inclusion of costs associated with hospital stay only, a 2014 study with longer follow-up comparing these 3 procedures found that reverse TSA provides significant cost savings to the system. 19 This study evaluated the combined costs of implants, postoperative care, and physical therapy visits and concluded that reverse TSA was significantly less costly to Medicare.
Limitations
The current study had several limitations. Because the NIS provides information only for the short inpatient stay, the current study did not include long-term follow-up, functional outcomes, and most surgical complications that arise after discharge. Therefore, the study is limited in its ability to evaluate true long-term morbidity and the cost of these interventions. These factors would be better evaluated with longitudinal studies. Another limitation is the retrospective nature of the study, which makes it difficult to fully evaluate patient characteristics or control for patient selection. Additionally, this type of study is subject to selection bias because fracture patterns and patient factors affect surgical treatment. Reliance on collecting data based on ICD-9 diagnosis codes inherently excludes miscoded patients, whether included incorrectly or excluded unintentionally as a result of limited ICD-9 codes. Errors in hospital billing data collection, whether human or technical, cannot be evaluated. Moreover, it is not possible to identify reporting bias or financial bias that is reported to exist in large database studies. 32 Despite these limitations, the strength of the study lies in its large database of recent data. The NIS has been widely used in peer-reviewed journals and is considered a very reliable source of information. [28] [29] [30] 33 conclusion In 2013, reverse TSA replaced hemiarthroplasty as the most commonly performed arthroplasty procedure for proximal humerus fractures in elderly patients. The increase in the rate of reverse TSA is in line with a recent push toward a "one and done" approach among the orthopedic community for complex periarticular fractures in elderly patients. 34 This study found that patients undergoing reverse TSA had higher inpatient hospital costs and charges compared with those undergoing ORIF and hemiarthroplasty. Interestingly, through a multivariable model, the authors found that patients undergoing reverse TSA had significantly decreased odds of discharge to a skilled nursing facility compared with those undergoing hemiarthroplasty. This decrease in the use of a skilled nursing facility may represent an overall cost savings that must be analyzed further. Data from a 2017 study focusing on postdischarge costs for patients undergoing total hip arthroplasty found that the cost for a skilled nursing facility was approximately $8400 greater than that for patients discharged to home. 35 Future studies of inpatient and postdischarge costs are needed. This study represents current national trends, and longterm studies are needed to investigate the long-term outcomes of these 3 procedures for proximal humerus fractures in elderly patients. 14. Cuff DJ, Pupello DR. Comparison of hemiarthroplasty and reverse shoulder arthroplasty 
